I. Introduction
Quad-rotor UAV is a kind of small UAV. Compared with fixed-wing and helicopter-type aircraft, it has higher maneuverability and more freedom and it can shuttle flexibly in narrow and complex space. The Quad-rotor UAV has simple structure and low cost. Now days, it has been widely used in search, environmental awareness, natural disasters, environmental monitoring and peripheral surveillance [1] .
In recent years, Quad-rotor UAVs have developed rapidly in China. But at present, commercial UAVs still large-scale use the classical PID control. PID control algorithm has obvious defects for the under-actuated, strong coupling and nonlinear system like Quad-rotor UAVs. Domestic and foreign scholars have proposed new improvements or new control methods. PID control algorithms are improved in [2] .
Back-stepping method is improved in [3] . Combination of PD control and back-stepping method is proposed in [4] .
Synovium reconstruction and back-stepping method are integrated in [5] [6] . Linear and nonlinear ADRC algorithm have been used in [7] .
Although the convergence speed of back-stepping control law is not ideal and the anti-jamming performance is poor, there is almost no steady-state error. ADRC has nice anti-interference ability and convergence speed is no less than PID control, but there are more or less steady-state error. 
B. Back-Stepping deduction
In order to get the back-stepping control law, the dynamics model of the quad-rotor UAV needs to be rewritten as follows:
In the formula, = x, y, z, ϕ , θ, ψ . Because Select the first Lyapunov function and derivation:
Definition 3：In order to make 1 ( 1 ) converge, define
Remark 1: In (7), k 1 ≥ . When the first tracking error decreases to 0, the first Lyapunov function converges stably.
Definition 4: Introducing the secnd tracking error and derivation:
Select the second Lyapunov function and derivation:
(10)
Definition 5: In order to make 2 ( 1 , 2 ) converge, back-stepping control law can be defined as:
Replace the back-stepping control law in (11) ,
Remark 1: In (13), k 1 ≥ k 2 ≥ . When the first tracking error and second tracking error decreases to 0, the second Lyapunov function converges stably. The back-stepping control law has been derived as follow:
III. Back-stepping control law analysis and introduction of the ADRC
A. Back-stepping control law analysis
According to the derivation process of back-stepping, expand (8) as follow:
Replaced 2 in (12), leaving only the 1 and 1 and merging them to form the following control laws.
Redefine the parameters of 1 and 1 , the control law can be rewritten as follows.
The ( ) can be regarded as a constant in every channel of the vector. 
B. ADRC algorithm introduced
The ADRC is composed of three parts: tracking differentiator (TD), extended state observer (ESO) and nonlinear state error feedback (NLSEF).
Due to the control requirement of back-stepping method, we need the second differential signal of the target value. The original TD of ADRC can't obtain the second differential signal. At this place, using the finite-time convergent third-order differentiator to replace the TD to obtain the value of ̈. The algorithm for finite-time convergent third-order differentiator is as follows: 
where ( ) is the input value at any time. 1 is the transition process of ( ). 2 is the first derivative of 1 . 3
is the second derivative of 1 .
ESO is used for state observation. The algorithm is as follows:
where , correspond to the input and output of the controlled object. is the gain coefficient, 1 is the estimated value of the output of the controlled object. 2 is the first derivative of the estimated value of the output of the controlled object. 3 is the estimation of disturbance of control object.
NLSEF is as follows:
where 1 = − = − ̃= − 1 is the first error with estimated value . 2 is derivative of 1 correspond to the second error.
The fal function is an important nonlinear function as follows:
The integrated control law is obtained by replacing the The objective value is input to a finite-time convergent third-order differentiator, the transition process is arranged, and the first-order and second-order derivatives are obtained.
The ESO estimates the state of motion and the total disturbance of the object according to the control variables and the output of the controlled object.
Combining the NLSEF and back-stepping control rate, we can get the integrated control law to control the target.
B. Control system
The control system of the whole quad-rotor UAV is depicted in Fig 2 . 
V. Simulation results

A. Attitude loop simulation
In order to verify the effectiveness of integrated control law, attitude loop simulation experiments are carried out in MATLAB environment. The target is to make UAV reach the specified target attitude angle, and disturbance is added. Take the pitch angle as an example, control the pitch angle to 30 angle. 
B. Position loop simulation
In position control, the integrated control law is still adopted, and compared with the non-linear PD control algorithm in [4] . Interference noise is added to the attitude loop. The following is the comparison of position simulation control results. 
